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Im@-TUNNEL INVESTIGATION OF EFFECTS OF UNSYMMETRICAL
HORIZONTAL-TATL ARRANGEMENTS ON I;OT.'ZER—ON
STATTIC LONGITUDINAL STABILITY OF A

. SINGLE-ENGINE ATRPLANE .MODEL
- . . By Paul E. Purser and Margaret ¥. Spear

SUMMARY

A wind~tunnel investigation has been made to determine the
effects of wmsymmetrical horizontal-tail arrangements on the
power-on static longitudinal stability of a single-engine single-
rotation alrplane model.

.. Although the tests and analyses showed that extreme asymmetry .
in the horizontal tail indicated a reduction in power effects on
longitudinal stability for single-engine single-rotation airplanes,
the particular "practical" arrangement tested did not show marked
improvement. Differences in average downwash between the normal
tall arrangement and various other tail arrangements estimated from
compubed values of propeller-slipstream rotation agreed with values
estimated from pltching-moment test data for the flaps-up condition
{low thrust and torque) and disagreed for the flaps~down condition
{high thrust and torque). This disagreement indicated the necessity
for continued research to determine the characteristics of the slip-
stream- behind various pi'opeller-fuselae;e-vipg combinations. Out-~of=~
trim lateral forces and moments of the wnsymmetricel tail arrange-
ments that were best from comsideration of longitudinal stability
were no greater than those of the noyrmsl taill arrangement,

JHTRODUCTION

The Langley Laboratory of the NACA has undertaken a gemeral
study of the problems of stabillty and control in power-on flight
for a model of a single-engine fishter-type airplane.

Up to the pz;eseni‘rtime ‘the study has included a comparison..of
measured and compubed-out-of-trim lateral forces and moments induced
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by the propeller-slipstream action-.on the vertical tail on single-
engine airplanes (reference 1) .and an analysis of the effects of
engine skew on the rudder and ailerci control required in the take-
off and in low-speed power-on fiight (wmpublished). The study has
also included vind-tunnel tests and brief analyses of the effects

of wnsymmetrical horizontal tails-on the power-on static longitudinal
stebility of single-engine single-rotation airplanes. - :

The usvwal power effects- on the. static longitudinal stability of
single-~engine single-rotation airplenes may be divided into direct
and indirect effects. The direct effects are the forces and the
moments acting on the propeller and the downwash resulting from the
1ift force on the propeller; for -constant-power operation these
effects are generally destabilizing. The indirect effects are the
changes in wing and body forces, moments;. gnd downwash and the
changes In tall effectiveness induced by the increased dynamic
pressure of the slipstream. The changes in wing and body forces,
moments, and downwash may be either stebilizing or destabilizing
and the changes in tall effectiveness are usually stabilizing. An
additional effect for constant-power operation is that the thiust
and torque very in such g way as to increase the slipstream robtation
with increases in 1ift coefficient. The side of the airplane on
vhich the propeller blade is going wp (left side for right~hand
rotation), therefore, undergoes an increment of upwagh that increases
with angle of atbtack; the opposite side undergoes en increment of
doynwash that also Increases with angle of attack. For the normal
horizontal tail the effects of alipstream rotation on longitudinal
stability are small. If the teil is unsymmetrical, hovever, the-
slipstream rotation possibly can be -utilized to change the effects
of power-on longitudinal stebility. The pressnt paper contains
wind-tunnel test data and analymes made to indicgte the adjustment
in over-all power effects that may be-expected frem the use of
wnsymmetrical horizontal teils on single-engine single-rotation
airplanes. ’ . .

COEFFICIENTS AND SYMBOLS

The results of the tests are presented as standard NACA coeffi-
clents of forces and moments. Rolling-moment, yewing-moment, and
pitching-moment coefficients are glven about the center~of-gravity
location shown in figure 1 (28.2 percent M.A.C.). The data are
referred to the stability axes, which are a system of axes having
thelr origin at the center of gravity and in vhich the Z-axis is in
the plane of symmetry and perpendicular to .the relative wind, the
X-axis is in the plene of symmetry and perpendicular to the Z~axis,
and the Y-axls is perpendicular to the plene of symmetry. The
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positive directions of the stabllity axes, of angular displacements

of ‘the airplane and control surfaces, and of hinge moments are shown

in figure 2. I : : - .
The coefficients and symbols are defined as follows:

Cy, 1ift coefficient (Lift/gS)

Cr,, tail 1ift coefficlent (Ly [aS)

Cx longitudinal-force coefficient (X/gS) _
Cy : lateral-force coefficient. (Y/qs)._

Cq rolling-moment coefficient (L/qSb)

Cp pitching-moment coefficient (M/fgSc')

Cmb pitching-moment coofficient provided by teil

Cp yawing-moment coefficient (N/qSb)
T, effective thrust coefficient based on wing avea (Tgpp[dS)
Qg torque coefficient -2

(pv%3

V/uD  propeller advance-diameter ratio- sl

1 propulsive efficiency (?-gifrv—>
' 2mQ
Lift = “Z
X longitudinal force, pounds
4 lateral force, pounds Toan
Z vertical force, pounds
L . rolling mcment, pound-feet

M pitching moment, poumd-feet _
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- yewing moment, pound-feet -

11ft of igolated horizontal tail, pounds

propeller effoctive thrust, pounds =~ N

propeller 'l';orq_ue, pound.~feet " ~::

free~stream dynamic pressm'e,.;poﬁnds per square foot (.Eé..) .

effective dynamic pressure a‘t. taii; po-lmds per square foob
wing area (9.40 sq £t on' model)

horizontal-tail area, ~square feet

airfoil section chord, feet

average airfoll 'chord:, feet

ving mean aerodynamic chord (M.A.C.) (1.3l £t on model)

b/2
> ab

Wi

0
horizontal-tail mean aerodynamic chord

wing cpan (7.509 £t on model)
horizontal-tail span

spanvise statlon of horizontal tail

pitching-moment coefficient at effective 'tail-o:t‘f aei'odynam:'i.c-
center location (zero-lift intercept of tengent to tail-
off pitching-moment curve) ‘ i

tall length measured Ffrom neutral point to quar:ber-chord_
point of homizontal-tail__meap aerodynamic chord

1
horizontal-tail volume coefficicnt (_:,_:,_'E)
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v alr velocity, feet -per second y

D propellei' diameter (2.27 £ o:_; model)

n propeller speed, revolutions per second 3

p mass density of air, slugs per cubic Foob

@ "angle of attack of thrust line, ‘degrees:

o angle of attack of h:ori_zonta'i-.-teffl cilo;t'd, degroes

oo angle of yaw, degrees .

6 average angle of downmwash, d.egreea -

iJb angle of stabilizer with respect to thruet line, posi-bive

vhen tralling edge is down, degrees.

B _slotted~flap d.eflec‘b:loq, degrees .

Sfp ‘plain-fiap defloction, degrees

B . -propeller blade angle at 0.75 radius (l5° on model)

0 effective tall-off aerod;ynamic-center Location, percent
wing mean aerodynamic chord

oy, neutral-point location, percent wing mean aerodynamic chord
(cen'ber-of-gx:'avi'by loca'bion for neutral. stability in
trimned flight)

Subscripts: )
t  hortzéntal tail
b trimmed copditions with center of gravity at neubral point :

as .

'MODEL AND APPARATUS
Complete Model

PR

The model, is a ;]j—'-ecale model of a 37. 5-foot~span single-engine

single~yrotation airplane. The model has a 30-percent-chord ;partial-
span slotted flap with an internally sealed 1lO-percent-chord plain




6 WACA TN No. 1474

treiling-edge flap, an adJustable stabilizer, end a retractable
lending gear. A sketch of a typical .section of“the flap arrangement
used for tests of the model in the landing configuration (8 = 37°)
is shown in figwe 3. The general physical characteristics of the
model are given in table I. A three~view drawing and a photograph
showing the model mounted in the Langley 7~ by 1l0~foot tumnel are
shown in figures 1 and 4, respectively.

The model was eguipped with a three-blade, right-hand rotation:
propeller and a 56-horsepower electric motor. More complete descrip=~
tions of the powsr equipment are glven in reference 1.

The model configurations referred to herein are as folloys:

1

=
T
D . .
B | with respect to Landing Cowl
(deg) slotted flap _ gear flap -
(deg)
0 0 Retracted. Closed.
37 30 Extended Open 15°

Flap deflections were set with the aild of templets furmished
with' the model.

Pail Configurations

In order to obtain relatively extreme indications of the effects
of wnsymmetrical horizontal-tail configurations, the model was tested
with no tail, with the normal horizontal tail (fig. 5(a)), with the
right semispan of the normal tail (fig. 5(b)), and with the left
semispan of the normal tail (fig. 5(c)). An wsymmetrical arrvange-
ment that vas thought to be a relatively practical one was devised
from two other available horizontal tails having plen forms identical
to the normal tail. This arrengement, shown in figure 5(d) and
referred to in the text as the asymetric tail, has approximately
one-third of the area on the right and two-thirde on the left, and
:h:ltotal area is about 3 percent greater than that of the normal

a L]

: Changes in ‘stabilizer setting for all the tails were made with
a provisicn of %0.1° with the aid of a vernier inclinameter.
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. TESTS
Test Qonditions o

The follomng table sumarizes the test cond.i'bions for the
various modela' .

Dynamic Test Alr-~ | Twr-
Model pressure |Reynolds | speed|bulence| Langley
(1b/sq ft) number | (mph)|factor | Tumnel

Complete; power off and
flaps-up power on; 16.37 {1,000,000{ &0 1.60 |7~ by 10-foot
c' = 1.31 feet .

Complete; flaps-dowm -
pover on;j 9.21 750,000, 60 | 1.60 |7~ by lO-foot
¢! = 1.31 feet

Isolated asymetric

tail; ¢ = 0.66 foot - 16.37 490,000, 8 -} 1.60 |7~ by 10-foot
Isolated normal tail, : : 4= by 6=Foot
= 0 68 fOO’b 13 00 )4'50:000 71 1'93 VGr'bical
Teolated samispan' of | S . 5
‘ - by 6-foot
noymal tail; 15.00 | 490,000| 76 | 1.93
¢! = 0.68 fozrb . ‘ Bt ¥ , vertical

Corréctions

Complete model.- All data have been corwected for tares caused
by the model support strut. Jet~bowndary correctiocns have been
applied to the angles of attack, the longitudinal-force coefficients,
and. the tail-on pitching-moment coefficients. The -correctlons.were
computed ag follows by use of refevence 2! .

Mo = 1.0650_1,

%0 = . 0157612
80y, = ~7.740y, f2 '205 - 0.116 :%)
Befa e
All jet~boundary corrections were added to the test data.

e e e - e wpee e e - ———
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Tail swrPaces.~ The data for the isolaled normal horizontal
tail were corrected for tares caused by the model support strub.
The data for the asymmetric tail and the semispan of the normal
tail were obtalned by tests of the tails mounted on the isolated
vertical tail and were approximately corrected for tares by sub-
tracting the data for the vertical tail alone from the data Ffor the
combinations tested. The Jet-boumdary corrsctions,  cemputed by- .

. methods similar to ‘those of _:_refereqce 3, were added to the angles

1

of attack as follows: J ot

3

Aqy, =-1.5'90Lb T
For the semispan of the normal’tail

a oo, L

For the asymmetric tail’

Ao - 0.210r, Y

Test Procedure for Gamplete Model

-

A propeller calibration was made by méasuring_, the longitudinal

" force of the model with flaps and landing geay retracted and tail

off ‘at an angle of attack of 0° for a rangs of prépeller speed.
Thrusi:. caefficients were determined from the relatiom

T ! = -
c cXp::-opeller operating  “propeller removed.

The torque coéfficients were computed by use of & celibration of
motor torque as a function of minimum current. The results of -the
model propeller calibration are présented in Tigure 6.

ALY tests of the cemplete.model were made et a dynsmic pres-
sure of 16.37 pounds per square.foot except power-on tests with flaps
deflected, which wers made at a dynamic pressure of 9.21 pounds per
square foot. This difference was necessitated by power limitatlons
of the model motor. -

During the. tests the thrust_ané. torque coefficient varied with

1ift coefficient as'shown in Pigure 7, and the cosfficients used,
corresponded to the Values of horsepower shown in figwre 8 for

L_— —
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various model gcales and airplane wing loadinzs. The thrust coeffl-
cient for the windmilling tests was about ~0.02.

RESULTS AND DISCUSSION
Tongltudinal-Stability Test Data

Neutral points, determined from the stebllizer test data of
figures 9 to 12 by methods outlined in reference k4, are presentea
in figure 13. Changes in neutral-point Jocation caused. by use of
power and f£laps are presented in figures 14 and 15, respectively.
The ghort-dashed parts of the teil-off and semispan normal-tail
curves represent a region of 1lift where a discontinulty in the
pltching-moment owrves exists. The disconbinuity appears to be a -
rather common characteristic of wings employing low-drag-type air-
foil sections at Reynolds numbers as low as those used in the )
present tests, and this discontinuity apparently disappears as the
Reynolds numbers more nearly spproach full-scale values.

" The tails should be compared on the basis of equal basic effec-

dCLy, : '
tiveness (E"'- -—--) The right and left semispans of the narmal tail
- ) chb
should be compared, therefore, since for each semispan -S—@- ----=0 007.

St d'CL'b | d.CLb
The normal 'bail oo o 2 0,014 ] and the asyzmnetric tail -—- e = 0,013
\8 doy. S5 day

form ano-bher peiir vhich may be oompared.

. .The curves of figures 13 to 15 show the general trends of the
results obtained in the tests , bub in order -to provide explanations
forthese trends a discussion based on the various longitudinal-~
stabllity parameters shown in the ;E'ollo;-d.hg equation is helpfuls

ch'b [ o
T dm T [, g_% “mg
CI% CLy
= N, . - + (1)
-8y [a)” 1 .
.oy ) -
Sfs ., [o,

; SN
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This equation is developed and explained in referemce 5. The various
paremeters have been derived by procedures explained in reference 5
from the stabilizer test data of figures 9 to 12 and the isolated-
tail data of figure 16. For the sake of brevity, however, curves

of these parameters are not presented.

For all conditions the sllghtly greater stability of the model
with the asymmetric tail appears to be caused-principally by the
tail-effectiveness term of equation (1) since the other two terms
are nearly equal for the asymmetric and normal tail arrangements.
This greater tail effectiveness must result from the smaller values
of effective downvash ¢ and variation of downwash with angle of

attack g’-i for the asymmetric tall arrengement since the basic

St LLe) - -
tail effectiveness 5 Egh—- of the asymmetric tail is slightly

less than that of the normal %tail. For both the propeller-windmilling
and power-on cases, the smaller velues of € and %{:’, are probably

. a result of the spanwise variation of dowmwash behind the 2:1 tapered
wing (reference 6) eince analyses presented later show that only
small effects of slipstream rotation are to be expected for the
particular arrangement used. ]

. With 8 = 0° and power on, the markedly greater stebility of
‘the model with only the left semispan tail as compared 5o the model
with only the right semispan tail appears to be caused by ‘the tail-
effectiveness term of equation (1) since the other two teyms of the
equation are nearly equal for both semispan tail arrangements. This
greater tail effectiveness for the left semispan tail arrangement
results from the smaller values of effective downwash . ¢ and varia-
tion of downwash with angle of attack -g'-i becavse of the slipstream

rotation. At high 1iPt coefficients the difference between the
right and left semispan taill effectiveness is slightly reduced,
. apparently becauge of the smaller variation of dynamic-pressure

. d
ratio with trim 13ft coefficlent M obtained: in the deriva-

tion of the various factors of .equation (1) for the left semispan °
Hasla)

dCLb
shift of the slipstream at high 1ift coefficlents. This lateral
displacement of the slipstream is probably a result of the wing

shearing the roteting stream so that the upper part of the slip=
strean is shifted to the right for right~hand-rotation propellers.

tail. The reduced value of .is probably caused by a lateral
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In the power=-on flaps-dm&: condition the addition of & hori-
gonbal tail on the model was generally destaepilizing. For this
condition the adverse shift in neutral point caused by the Cpmy-term

of equation (1) is an important factor in debermining neuytral-point
-d q
location so that mmall values of -a%-i-"-u are desirable. A

I
d a X - .
decrease In the valus of -é-%?l—-)-, however, also results in a

decrease in tail effectiveness. This result was particularly
notioeable for the left semispan of the normal 'bail and the marked,

decrease in d(g;:q.) was probably caused by the la'beral shift in
the slipstream. For this partioular model the final result vas
slightly greater ‘than would be expected from the effects of only
sllpstream rotation. For .other airplanes so designed as to have

.o aCr... - -
d.ifferent values of n,, —-—-L-'l'i, and Cme, however, the change

4
.............(q"" fa) caused by the lateral shift of the slipstresm might

produce markedly different results.

The curves of figure 14 show a considsrably favorable change
in pover effects vhen the left semispan of the normal tail is used
rather than the right semispan. The "practical" asymmetric tail,
however, did not show a marked improvement when ccmpared with the
normal tail. Computations presented. 1n ‘the pection entitled
"Longitudinal-Stability Computetions" agree with the test data in
showing little improvement for the asymmetric tail despite the
favorable comparison-between the right and left semispans of the
normal tail.-

Longltudinal-Stability Compubations

For the four tail arrangements, computatlons were made of the
effects of slipetream rotation on the various longitudinal-stebility
parameters shown in equation (1). These camputations vere made in
order to provide a check on the validity of quantitative estimates-
of the adJustment in power effects that may be obbtained through
utilization of slipstream rotation with imsymmetrical horizontal-
tail axrangements. The parsmeters of eguation (1) that are primarily

C e e e ——————— W= = o 0 s
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affected by such -bail arrangemen’os are %g, és-t- a%l'b -3

d
and —ég:—i&)— For the -modsl considered, the _two tems containin(, o
are of small imporl:ance at. low lif'b coebficients Bedause of the
relatively high location of the horizontal tail.” Second-order
effects such as the changes in the variation with C'_|;,b of 1y, - nd,

Cme, and cI-crb caused by the gha.nges in the neutral-point .z.oc&tiox;

were neglected for simplicity, although ‘the effects cou_ﬂ. oe accounted
for by use of a series of successive approxa.mat:.ons. The procecure
used. in. computing the changes in %—5 -and nx, ‘are given in the

followint, paragraphs.

Dovnyagh.- ‘.L‘he difference in average Jdownwash between the normal
tall arrangement and the various other tail arrangements with power on
vas estimated from the propeller slipstream characteristics by use of
references 1 and 7 to 9. Downwash due to the slipstream rotation
on each horizontal tail was computed from the following equation:

[th]

68=% 0 o d(bt) L@

where ey is the d.ownwash contributed by the slips'braam rotation
end V5 is the cmpu'bed angle of twist in the propeller elipstream

directly behind the propeller disk. Values on the left’ (looking
forward) were nemative since the propeller contributed upwash on
the left, and the cenbter lines of the model and the slipstream vere
assumed to be coincident. The increments in downwagh werc obtained
by subtracting ey fox the various unsymmetrical talls from €y

for the normal tail. A small additional difference of 0.02 between
the -?‘iz-values for the asymmetric end normal tails R mich resuli'.ed.

from differences in spanwise location behind the wing, was calculated. ¥
from the design chaits of reference 6

The values of the change.in downwash due to horizontal-tail
arrangoments end estimated from the propeller-slipstream character=
istics and from the-velues obfained from the pitching-moment test
data are compered in figure 17, The curves remain fairly parallel
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vhere a discrepancy occurs.. The displacement of the slipstream at
the tall may accownt for the d:!.ffecrence in the initial values at
low angles of abtack..'_ s

Computed values.of Ae- for the flaps—down condi:hion were; much
greater than -the. values ohtained from pitching-moment test dgta.
This result was probably caused by the lateral shift in- the slip~
gtream associated. with the high values of thrust and borgue coeffi-
clents occurring in the flsps~down condibidn’ and which wae necegsarily
neglected in the computations. The shiff of the slipstream (refer- ]
ence 1) would be in such a direction.as to reduce the previously
diacussed. effeots of alipstream rota'bion- s

The agreement of test and cong)uted. values of Ae¢ in the flaps—up
(low To' and Q¢') condition and the disagreement in the flaps-
down (high Te' and Q,') ocondition indicate thet more research
is needed in order to determine the actual characberistics of the
slipstream behind various propeller-fuselage-wing combinations. -

Dynamic-presswe ratio.~ Attempts to esbluate the differences
among the effec‘b;lve dynamlc~presgure ratics for the various tails
were umsuccessful. The dynamic-pressure ratios camputed from the
pitching-moment data pregented in figut‘e 18 ind.ica'bed, however, that
such effects actually exis‘bed.

Neutral. po:i.nts. The difference in neutral-point 1ocation

between the normal and the lmsmnetrical tail arrangements was com-
puted as follows. ) . .

.(a) The various terms .of equation (i) vwere ovhained for the
normel tail from the test data of figures 9 and 16 by
means of procedures outlined in reference 5 -

(b) Increments of %—2 were obtained from figure 17

(c) Values of the various terme of squation (1) ‘for the unsym-
metrical talls were obtained by edding the increments

of —g-: from atep (b) 'bo the basic values from step (a)

and by considering the- changes in tail area and. tail
lift~curve slope

(&) The resulting valuee from step (c) vere ;Lnserted in equa=~
tion (1) and values of n, were camputed

. — g e o
et e emT g = ——— — St MR WMt WL T SSE{TSIRAT ¢ Ty Nesmes swes e ey e — -
P - . : TR T - -

L
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(e) The increments of n, were obtalned by subbracting the

computed values for the unsymetrical teils from the
computed values for the normal tail

The coanpu:bed. changes in - ny and the chenges obtained from thie

test _results are compared in figure 19. -Agreement between date
obtained by the computations and test data is fairly good at low
angles of attack despi-be the fact that the computations neglected

changes in q4q end —--(-‘-1-'9-’--(-}’-2 At h:l.gh angles of attack vhere

dynamic-pressure effects muld. be expected 0 have more influence
for the model being considered, disagreement existe between the
. data obtained by computations and. the test data.

l'.ateral and. Directional Trim

Lateral-force and mmnen'b coefficients for the model tested
with the horizohtal-tail configurations at zero yaw are presented
in figure 20. Values for the model with the tail off and power on,
and values with the normal horizontal tail both windmilling and -
power on are average values from pitch tests run at +5° yaw. All
other measured values are from pitch tests of ’ohe model at zero yaw.
The values of rolling-moment coefficient at Cp = 0 (model trimmed
longitudinally) were computed from the pitching-mcment data of
figured 9 to 12 by the following means' The oub~of~-trim pitching-
moment coefficlents were converted to tail loads that were assumed
to act at the laberal cemtber of area of the horizonbtal tail being
considered; these tail loads were comverted to rolling-moment coef-
ficients by multiplying them by the dlstance from the center line
of the model to the lateral center of area of the tail; and the
resulting incremental rolling-mdment coefficlents were added to the
measured values shown in figure 20.

The main fact to be noted is tha-b the msmmetrical tail arrange~
mente vhich are best from consideration of longitudinal stability
provide out~of-~trim lateral forces and moments that are no greater
than those provided by the normal tail arrangement.

CONCLUSIONS

The .results of wind-tunnel tests of a single-engine s:Lnéle-
rotation alrplane model -equipped with various horjizontal~tail
arrangements indicated the following conclusions:
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1. Although extreme asymmetry in_ the horizontal tall indicated
a reduction in power effects on longitudinal stability the particular
"practical” configuration tested did not show marksd improvement.

) 2, Differences in average dovmwash betweén the normal tdil
arrangement .and the various other tail arrangements estimated from
computed values of ;propeller-slips'bream rotation agreed with values
eatimated from pitching-mament test data for the Flaps-up condition
{low thrust and borque).and disagreed for the flaps~down condition
(high thrust and torque). This disagreement indicated the necessity
for conbtinued regearch to determine the characteristics of the slip-
stream behind various propeller-fuselage-wing combinations. . .

3. Oub~of~trim lateral forces and moments of the unsymmoipical
tall arrangements that were best from donsideration of 1ongitudinal
stabllity were no gr'eater than those . of the normal tail arrangement.

Langley Memorial Aercnautical I:aboratory .
National Advisory Committee for Aeronautics
Langley Field, Va., August 13, 1947
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Dihedral of chord plane
Inboard panel = -0.73°
Out board ponel=7.75°
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Figure | .- Three -view drawing of 5 -scqle model
showing normal tail. All di ensions in inches.
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Figure £ .- System of axes and control-surface hinge moments
and deflections. Positive values of forces, moments, and
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hinge moments and deflections are in the same directions
as the positive values for the control surfaces to which
the tabs are attached.
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Lir¢ ocoeffielent, C,

L/ft coetlicient, C,

@) & =37°; power an.

le] & «37°; windmiiling propeller.
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Flgure 20.- Concluded '




